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ABSTRACT

Pronpted by an apparent decline in the nunbers of Arctic cisco which
occurred between 1976 and 1979, we undertook the task of perforning a
stock assessment anal yzing conmmercial fishery data using the Deriso (1980)
nodel . The nodel estimates the various survival and recruitnment
parameters that result in the best fit of a predicted sequence of catch-
effort data with the observed pattern. This analysis was performed to
determ ne whether the apparent declines resulted from a normally occurring
popul ation cycle or fromother factors such as overfishing and of fshore
oil and gas devel opnent.

The results of the analysis showed that the observed fluctuations in
popul ation levels could be explained if Arctic cisco are characterized by
a strong density-dependent stock-recruitment function and if a large
proportion of spawners are not vulnerable to the fishery. There is sone
evi dence to support this hypothesis. Few running-ripe or spawned-out
Arctic cisco are taken in the commercial fishery. The Mackenzie River
(NWT.) system appears to be the nain spawning area of this species for
the North Slope of Alaska and Canada

However, given the short period of record, the observed and sinul ated
patterns of abundance could have resulted froma few “bad” ice years
(years in which the ice does not nove off the nainland shore for nost of
the sumer—e.g. 1974-1975). The results of a few nore years of catch and
effort data fromthe fishery should enable us to distinguish between the
two hypotheses. In the interim additional work describing the functiona
responses of Arctic fishes to environnental factors as a basis for
attenpting population |evel assessments is needed
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| NTRODUCTI ON

The Arctic cisco, Coregonus autumnal is. is both one of the nost
abundant and val ued of the anadromous fishes occurring along the North

Slope of Alaska. As a subsistence fish, it is considered to be “nuch
fatter, larger, and nore tasty” than other conmonly-occurring whitefish
(Flossie Hopson, Environnental Protection and Conservation Ofice, North
Sl ope Bor ough, 1980, pers. comm). In Alaska, Arctic cisco are at
present the target of seasonal subsistence fisheries at Nuiqgsut in the
Colville Delta and at Giffin Point east of Barter |sland, Al aska. The
former is a fall/winter fishery, whereas the Giffin Point fishery
operates during summer. A commercial fishery (pernmitted to take a maxi mum
of 50,000 Arctic cisco) also operates in the Colville River Delta in fall
and early winter. In the Mackenzie River valley in Canada the Arctic
cisco also represents an inportant conponent of the donestic fishery
(Hatfield et al. 1972).

The Arctic cisco ranges from northern Europe and Siberia to western
Arctic North Arerica. In the latter region, it is distributed along the
Arctic coast from about Point Barrow, Al aska to Bathurst Inlet, Northwest
Territories, Canada (Fig. 1, Morrow 1980). The popul ation is apparently
centered in brackish waters around the Mackenzie (Canada) and Colville
(Al aska) River Deltas, habitats which are used for overwintering follow ng
sumer feeding dispersals into the nearshore Beaufort Sea. In the
Mackenzi e River system Arctic cisco range as nmuch as 1600 km above the
delta (Laird River) during late sunmer-fall spawning runs (0 Neill et al.
1981). This run is simlar to those which have been reported for Arctic
cisco in Siberia, where the fish migrate over 1500 km fromthe sea to
spawni ng areas in the upper parts of the Yenisei. R ver (N kolsky and
Resbet ni kov 1970).  Fol | owi ng spawni ng, adult Arctic cisco undertake post-
spawni ng migrations to brackish-water delta regi ons where they overw nter
with other segments of the population (Wnne-Edwards 1952, N kol sky and
Reshet ni kov 1970, Craig and Mann 1974, O Neil et al. 1981).
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In conjunction with oil and gas devel opnent nunerous fish studies
have been conducted in western Arctic North Anerica since the md-1970"s.
Sone of these studies (e.g. Bendock 1977, Doxey 1977, Craig and Hal dorson
1981) have enphasi zed sunmer tagging prograns, wth the recapture effort
supplenented by fall--winter tag returns and catch data obtained from the
Colville River comercial fishery. Craig and Hal dorson (1981) used these
data as the basis for population estinates which suggested that an 86%
decline in the nunbers of Arctic cisco overwintering in the Colville River
Delta occurred between 1976 and 1979. This observation was supported by
the comrercial catch data which, during 1979, dropped to only 25% of its
average during previous years. The 1980 conmercial catch and popul ation
estimates were also low, simlar to 1979 |evels.

The timng of the apparent Arctic cisco decline corresponded wth not
only the first nmajor offshore oil and gas devel opment of consequence, but
also with the establishment of the village of Nuiqsut at the head of the
delta (see Fig. 2) in 1973. The latter event undoubtable increased the
| ocal demand for and take of fish, including Arctic cisco. Craig and
Hal dorson (1981) using an estimated Nuiqgsut population of 157 persons,
determ ned the annual village requirement for fish could be as much as
68,874 pounds. The increase in the take of fish fromthe Colville River
Delta raised the question of overfishing as a major factor contributing to
t he observed decline.

The of fshore devel opnent in question was the construction in 1975 of
the 1.3-kmlong, solid-fill causeway just west of Prudhoe Bay whi ch was
extended offshore by an additional 1.5 kmin 1976, and further extended by
1125 m in 1981 G ven that causeways mght directly inpede fish
mgrations or indirectly affect anadromous fish by altering | ongshore
currents and local tenperature and salinity reginmes, there was sone
concern that, if the decline in abundance of Arctic cisco was real, it
m ght in someway have been related to this structure. |In any case, it
was clearly evident that a great deal nore information about the
popul ation dynamics and biology of Arctic cisco was needed before any
interpretive judgments could be nmade with regards to the apparent
decline.
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Fig. 1. The distribution (stippled area) of the Arctic cisco (Coregonus
autumalis) in Al aska and Canada (after Mrrow 1980)
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Deriso (1980) provided a major breakthrough in popul ation dynam cs
met hodol ogy. Hi's contribution was the derivation of a nodel incorporating
features such as time lags, growh, mortality and recruitment (all of
whi ch can be related to biological processes) whose paraneters could be
estimated froma tine series ot catch/effort (CPUE) data. Prior to
Deriso”s efforts, such dynam c pool nodels could be constructed, but
required a time series of accurate age conposition data (which are sel dom
avail abl e) as opposed to sinple catch-effort data. Gven this tool, and
the availability of a time series of catch/effort data fromthe Colviile
Delta commercial fishery dating from 1967, we undertook the task of
describing the apparent popul ation dynam cs of the Arctic cisco. Whereas
the main purpose was to contribute to the understanding of the biol ogy of
this species, another goal was to evaluate whether the observed decline
coul d best be explained by population attributes> overfishing or inpacts

resulting from environnental conditions.

THE DERISO MODEL

The Deriso nodel, sinply stated, says that next years” biomass will
be the survivors of the years stock, corrected for weight growth, plus new
recruits.  When nunbers are nodel ed instead of biomass, the Deriso nodel
can be simplified to:

Cesl = 2 (LmqE +m)Cp+22mll=qEy 1 )Cpmg+ql - 1)
+q(1-m)R {(1-qE¢_) 4 )Ces1 -k / }

where the variables are:

C. = CPUE during year t
Et = effort during year t
R(.) = recruitnment function with R(s) =

ge®Bs (Ricker curve)

and the parameters are:
2 = annual natural survival
q = mtchability coefficient
a,8 = Ricker recruitment paraneters
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l1-m = fraction of spawners vulnerable to
fishery (allows for inconplete
recruitment )

k =lag time between birth and recruitment

(k+l=age at recruitnent)
W nodel ed nunbers instead of biomass because nunmber of fish caught (not
bi onass) was recorded by the fishery.

Paraneters were estimated using Walters (198l) Applesoft Basic
computer program witten for a 48k Apple 11 plus m cro-conputer with DCOS
and a single disc drive. In this program the approach is to use quasi-
l'inearization and non-linear Newton”s nethods to estimate the set of
survival and recruitment paraneters that will make a predicted sequence of
catch/effort agree best with the observed sequence (see Deriso 1980 and
Walters 1981).

THE FI SHERY

The Helmericks’ commercial fishery in the Colville Delta has been
operated during fall and early winter in essentially the sane fashion
everyyear since 1967. Fishing is conducted in the Main (Kupigruak) and
East channels of the river adjacent to Amachilik Island (Fig. 2). Wen
the ice becomes thick enough to walk on, holes are drilled and gill nets
are set in a continuous series along the deep bottons of the channels.
The nets are typically 2x50 m having either 7.6 (3 in) or 10.2 (4 in) cm
stretched mesh. The snaller nmesh is used in both channels, but the |arger
mesh is used exclusively in the Main Channel where hunpback whitefish (a
species larger than the ciscoes) occur nmore commonly. Effort with the
smal | mesh nets has conprised over 98% of the total soak tine expended by
the fishery over the 1967-81 period

Fi shing usual ly begins about the first of Cctober and is term nated
towards the end of Novenber. The nets are typically picked every day with
t he exception of Sundays. The catch is recorded by date and usually by
| ocati on. Effort records are nmintained by date and | ocati on. The nets
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are set and fished over the entire period, although they are occasionally
mov ed. The nets are renoved as the quota is approached or the catches are
considered too low to continue fishing

Wth the exceptions of six years, the pattern of daily effort has
been reasonably regular in that maxi numeffort has ranged from about 10 to
25 nets fished/day, and nost fishing has been conducted in Cctober and
Novermber (Fig. 3). The years 1968, 1971 and 1976 were characterized by
unusual 'y high levels of maximum effort (31 to 41 nets fished/day), levels
whi ch-were sustained for longer periods in 1968 and 1971 than in 1976.
The years 1978-80 differed fromall other years for the period of record
in that fishing effort was extended well into Decenber. Further, in two
ot these years (1978 and 1979), fishing was initiated several days |ater
than usual, this was also the case for the years 1973 and 1981 (Fig. 3).

Because the catch data were sonetinmes recorded as total catch for a
given day or group of days and were not always designated between each of
the two fishing sites, we conbined the total effort and catch data from
each of the two habitats, respectively. Effort in the East Channel has
historically been greater than effort in the Miin Channel, and the annual
patterns of effort for each habitat have been quite simlar (Fig. &b).
Arctic cisco are believed by the fishermen to mainly use the shall ower
East Channel, whereas broad whitefish and |east cisco are believed to
nostly use: the deeper Min Channel

The annual catch of Arctic cisco taken in the fishery (Fig. 4a) has
ranged froma high of 71,575 in 1973 to a low of 9268 in 1979. The catch
| evel s anbng these years suggest a nmarked decline as described in the
introductory section. During the sane years, effort Levels, although
vari abl e, suggested an increasing rather than a decreasing trend (Fig.
4 b ) Maxi numeffort for the period of record was expended in the years
1968 and 1971.

Crai g and Haldorson (1981) showed that the Arctic cisco taken in the
comercial. fisheries are noderately large fish (range 240 to 380 mm in
| engt h). However, nost of these fish fall within the 280- 340 nm |l ength
range (Fig. 5). The age conposition of the catch ranges between 3 and 10
years, but fish aged five to eight domnate the catch. Mal e and female
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Arctic cisco first attain sexual maturity at ages seven and eight,
respectively (Craig and Haldorsom 1981). From Fig. 5, dom nant age/size
groups can be seen to nove through the fishery in a pul sed fashion

Based upon Craig and Haldorson’s (1981) exam nation of about 200
speci mens taken each year from the commercial catch during 1977-79,
sexual |y mature fish conprised sone 49 to 57 percent of the catch. During
1976, only 12% of the catch was estimated to have been sexually mature
but the sanple consisted of only 59 fish. However, no fish in spawni ng
condition or spawned-out fish were found in any of the sanples exam ned by
Craig and Haldorson (1981), which was surprising considering that the
spawni ng period imediately preceeds and/or overlaps the fishing season.
When requested im 1979 to supply any spawned-out fish, the fisherman
provided only nine fish out of the entire catch, of which only one
spawned-out male and two “possibly” spawned-out fermales were confirmed by
Craig and Haldorson (1981). The autumm commercial fishery in the Colville
Delta harvests essentially a non-spawni ng segnent of the Arctic cisco
popul ati on.

RESULTS AND DI SCUSSI ON

Peak population |evels of catchable Arctic cisco according to CPUE
data occurred in 1973 and 1981, with a lessor peak occurring in 1977 (Fig
6). The Deriso Mdel provided a very good fit of the historical record
(Fig. 6), with the best fit obtained using the paraneter estimtes of k=5;
2=0.37; q=0.33; ¢=4.8, 8=5.5x1077; and m=0.64. The nodel did not reflect
a mnor peak in 1977, nor was this peak suggested by independent
popul ation estimtes calculated from nark-recapture data available from
other studies (Craig and Haldorson 1981, Griffiths and Gallaway 1982)
covering the period 1976 through 1981 (see Fig. 6). Wth the exception of
1977, each of the three population estimtors (CPUE, MODEL, MARK-
RECAPTURE) reflected a simlar trend in population levels for the years
held in conmon.

The nodel was very sensitive to the five-year |ag period between
events, as well as to the m value of 0.64 which indicates an exceptionally
hi gh unmatchabl e proportion of spawners. These data suggest that the bul k
of the catch should consist of fish of ages five to seven , and spawners
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shoul d conprise a small proportion of the catch as conpared to mature non-
spawners. Both of these inplications from the biological nodel agree well
with the observed age and naturity conposition of the actual catch from
the fishery, suggesting nodel validity. However, the question of why
spawners are largely non-vulnerable to the fishery remains unanswered.

One of the explanations is that the Arctic cisco overwintering in the
Colville River, for the most part, leave this systemin the spring and
summer period of the year follow ng the attainment of sexual nmaturity. W
believe that these sexually mature fish travel to the Mackenzie River to
spawn; i.e. we suggest that there are not two stocks of Arctic cisco—-one
associated with the Mackenzie and the other with the Colville River-as
has been previously postulated (e.g. Craig and Mann 1974), but rather only
one which is reproductively associated with the Mckenzie system

Spawning mgrations and early life histories of Arctic cisco are
reasonably well-docunented for the Mackenzie River system Spawners |eave
nearshore, brackish waters and enter the Mackenzie System during |ate June
through late July, and undertake spawning migrations to sone of the |arger
tributaries (e.g. Peel, Arctic Red, Geat Bear, Mountain and Laird
Rivers). The spawning runs in these tributaries occur at different tines
dependi ng upon the distance up the Mackenzie the fish nmust nove. Hatfield
et al . (1972) reported sexually mature Arctic cisco in the Artic Red R ver
(near the Mackenzie Delta) fromlate June to the end of August,and at the
Geat Bear River (approximately md-way up the Mckenzie River) from early
August to late Septenber. ONeal et al. (1981) reported that Arctic cisco
spawners first appeared at the mouth of the Liard River (furthest upstream
Arctic cisco river reported) by mid-August in 1979, peak nunbers occurred
in Septenber and the run was conpleted by md-Cctober.

During the spawning run in the Mickenzie River, Arctic cisco
apparently cease feeding, and eggs increase in dianeter from a range of
0.6- to 1.3-nm characteristic of mature, green females in nearshore,
bracki sh-marine habitats (Griffiths et al. 1975, Giffiths et al. 1977,
Craig and Haldorson 1981) to nean sizes of 2.03 nm (sp=0.08, range 1.9 to
2.1 m) for green females and 2.13 nm (8D=0.10, range 2.0 to 2.3 nm) for
ripe females (Gry Ash, RL and L Consul tants,Vancouver, British Colunbia,
pers. comm. 1981).
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“ After spawning in the fall, Arctic cisco in greatly enaciated
condi tion (Nikolsky 1961, Hatfield et al. 1972) then undertake a distinct
post-spawning mgration back down the Mackenzie River. Autumm surveys
have shown that |arge nunbers of spawned-out fish occur in the West
Channel of the Mackenzie River Delta during; early Cctober (Wynne-Edwards
1952; Hatfield et al. 1972).

Arctic eiseo eggs hateh the follow ng spring and the young-of-the-
year are carried down the Mackenzie River to the delta during spring
break-up, where they are already foraging in the shallow | akes of the
del taby early June (Hatfield et al. 1972, MlLeod et al. 1979, O Neal et
al. 1981, Taylor et al. 1982). Taylor et al. (1982) reported that between
80-90% of all Arctic cisco found in the | akes they sanpled were young-of-
t he-year (Age=0) and that nost Arctic cisco had left the lakes by md-
Sept enber. Sone young-of -the-year are undoubtable carried into nearshore,
mari ne habitats during the spring freshet and perhaps during other tines
of the year.

The Craig and Mann (1974) hypothesis of two stocks of Arctic cisco,
was based on a moderate anount of evidence from the Mackenzi e Drainage
(Wynne~Edwards 1952, Hatfield et al. 1972, Stein et al. 1973 and a small
anmount of evidence fromthe Colville River area (Alt and Kogl 1973, FKogl
and Schell 1974). Overwintering Arctic cisco had been reported from both
these areas (separated by over 400 km) and, although fish in spawning
condition had not been docunented to occur in Al askan waters, young—of-
the-year fish had been reported in the Colville Delta (Kogl and Schell
1974).  Since 1974, several fisheries investigations have been conducted
but have yielded little, if any, support for the hypothesis of a spawning
popul ation of Arctic cisco associated with the Colville River. The
strongest evidence against the idea of two stocks is the lack of fish in
spawni ng condition or subsequent spawned-out fish in the fishery at the
Colville River Delta. Additionally, spawning runs of Arctic cisco have
not been docunented for the Colville River despite sumer and fall surveys
conducted in 1977 and 1978 by Bendock (1979) and in 1978, 1979 and 1980 by
LG Ecol ogi cal Research Associates, Inc. (McElderry and Crairg 1981, Craig
and Griffiths 1981). In contrast, these studies have collectively

i ndicated that Arctic cisco likely do not penetrate the Colville River
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beyond Umiat (about 48 km upstrean), are abundant only as far upstream as
the Itkiliik River (about 175 km see Fig. 2) and few, if any, of these
fish are in spawning condition. Bendock (1979) did report three male
Arctic cisco taken from Seabree Creek near Umiat in mid-June 1977 that he
believed were in spawning condition.

The time-at-large data for tagged Arctic cisco as conpared to simlar
data for |east cisco (Coregonus sardinella) provi des additional evidence

that older (larger) Arctic cisco may |eave the area. Least cisco have
been docunmented to spawn in the Colville River system Speci nens in
spawni ng condition have been collected throughout the |ower reaches of the
river (Kogl 1972,McElderry and Crai g 1981) and spawned-out individuals
are commonly taken in the fall fishery (Jim Helmericks, unpublished data).
Least cisco overwinter in the Colville River Delta area and disperse into
t he nearsnore, bracki sh waters of the region for feeding during sunmer.
Through 1980, a total of 202 tagged |east cisco had been recaptured,
having time-at-large (years elapsed between marking and recapture) ranging
fromOto 5 years with 100, 50, 35, 10, 1 and 6 fish recaptured each year,
respectively (i1GL, unpublished data). During this sane period, 59 Arctic
cisco were recaptured, 48 of which were taken during the sane year they
were marked and 11 after only one year at |arge. In 1981, 66 tagged
Arctic cisco were recaptured. O these, 64 were marked during 1981, and
two had been marked in 1980. These latter fish and two of the others were
recaptured in eastern Alaska at Giffin Point near Barter Island. These
data suggest that nost large Arctic cisco are scarce or absent from the
Colville River area within one year of being tagged. W believe that
these data support the contention that nobst Arctic cisco |eave the
Colville River Delta region when they approach sexual nmaturity, and likely
return to the Mackenzie system for spawning.

For the above spawning scenario to be reasonable requires a dispersal
mechani smto account for the presence of young Arctic cisco in Al aska. The
prevailing east to west |ongshore currents along the Beaufort Sea coast
represent an adequate dispersal nechani sm These currents generally nove
parallel to the coast at about 3 to 4% of the speed of the wind and ia the
same direction as the w nd. Summer winds are typically from the
northeast, and average about 5 nmisee (Mungall 1978). Coastal waters nove
westward under these conditions at about 15 cm/sec (13 km day). Under
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these conditions, a westward drift of small {(mean | engths of Age O and !
fish are 7 and 11 cm respectively) fish in the nearshore woul d be
expect ed. If the transport was passive, novenent fromthe Mackenzie to
the Colville region under average conditions would require about 35 days,
but could be as little as seven days under a sustained period of strong
wi nd which is not uncomon

Arctic cisco overwi ntering has been associated with brackish-water
habitats in deltaic, estuarine regions--habitat provided by both the
Colville and Mackenzie rivers, and perhaps other large rivers on the North
Sl ope between these two systenms (e.g. Kuparuk, Sagavanirktok, Canning
Ri vers). Late winter surveys of overwintering habitats in the
Sagavanirktok and Kuparuk River deltas (Bendock 1979, Dew 1982) have not
yielded any Arctic cisco, but all have been conducted in upstream
freshwater habitats as opposed to the seaward parts of these deltas.
Donal d Schell (University of Al aska, Fairbanks, 1981, pers. comm.) has
recently exam ned early spring-caught Arctic cisco for carbon conposition
and has determned that these fish consist primarily of carbon derived
from recent narine primary production (marine overwi ntering) in contrast
to other species of anadromous fish which, in spring, show a high
percentage of carbon derived from“old” terrestrial primry production
(peat) characteristic of detrital-based freshwater systems (freshwater
overwintering). Whereas the Mackenzie and Colville River Deltas and
estuaries may represent particularly good habitat during winter, Arctic
cisco likely use other areas as well.

A conceptual nodel of the postulated life history cycle for Arctic
cisco is shown by Fig. 7. In this nodel, spawning occurs in the Mackenzie
River im fall and young-of-the-year use the delta as nursery grounds
during their first sumrer as well as overwinter there but in different
habitat. Some young-of-the-year may be carried by the spring freshet into
the nearshore region. At Age 1, the small fish nmove into the nearshore
environnent’ during the summer feeding dispersal along the coast. Sone
unknown proportion (although variable, longshore flow in the Mckenzie
Delta area is generally to the east) are shown to di sperse to the west,
and at sonme point are entrained by the strong westward-fl owi ng longshore
currents off the Al askan coast. Upon the approach of freeze-up, the
Colville River and perhaps other rivers afford brackish-water
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overwintering habitat in the |ower delta areas adjacent to the sea. Arctic
cisco which have been transported into Alaska use at |east the Colville
Ri ver and adjacent environs (and perhaps others) uatil attaining sexua

maturity (as well as a size enabling themto contend with the longshore
currents) whereupon they seek their natal streamin the Mackenzie River
systemto spawn. Such a pattern is consistent with the observed seasona

abundance and distributional patterns of Arctic cisco and woul d account
for a high proportion of spawners being non-vulnerable to the fishery.

The a value of 4.8 estimated by the nodel suggests a strongly
density-dependent stock/recruitnent relationship which is not unreasonable
given the pattern of the catch-effort data. A strongly density-dependent
relationship results in an oscillating population level of spawners
because the maxi mum | evel of recruitnment occurs when the spawner
popul ation is low and vice versa. Further, the lag tine of five years
bet ween spawning and recruitnent of fish to the fishery agrees well wth
the known life history of Arctic cisco. However, the value 4.8 for ais
unusual ly high. W believe that it is nmore likely that the oscillations
in catch are due nore to regional-level environnental effects than to
recrui tnent phenonenon. That is, whereas we have the overall dynamcs
represented correctly, the apparently strong density dependence of
recruitment is actually only the result of a few environmentally extrene
years. For exanple, 1974 and 1975 were particularly bad ice years (the
pack ice remai ned al ong the nminland coast throughout summer) in the
Beaufort Sea and were followed by a series of relatively good years (the
pack ice was up to 100 km of fshore during sumrer) until 1982, |[If the
environmental conditions of 1974 and 197S affected the transport or
survival of Age 1 fish in the nearshore zone during these years, the
effects woul d be seen in the fishery five years later (i.e. during 1979
and 1980). We believe that the question of the stock oscillations being
attributable t0 stock-recruitnent relationships versus environnental
factors can be resolved given several additional years of data fromthe
fishery. It should be noted that while the nbdel fit is good, and the
paraneters k and m give us sone confidence in the results, the data
extends over only 15 years. Gven a lag of five years to recruitnent
means we had only 10 points to fit five parameters.
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Given either explanation for the stock oscillations, the fisheries of
the Colville Delta probably have little inpact on the popul ation |evels of
catchable Arctic cisco. Mean fishing nortality (F) was estimated to have
been only 0. 15. The comercial and subsistence catches wll Ilikely
continue to fluctuate radically over the years due to either environnenta
conditions or density of spawners. If the latter case is true, |ower
densities of spawners would result in higher yields of recruits on a five-
to seven-year cycle.

Finally, it is unlikely that the 3-km |ong causeway near Prudhoe Bay,
Al aska has contributed much to the observed oscillations in popul ation
| evel s. Results of tagging studies (Craig and Griffiths 1981, Giffiths
and Gallaway 1982) have shown no significant difference in the proportion
of large Arctic cisco on the Colville River overwintering grounds between
fish which were initially nmarked during sunmer on different sides of the
causeway. Distributional nodeling of small Arctic cisco based upon
tenperature preference and environmental conditions around the causeway
suggest that during conditions of westward transport, snall fish would
al so successfully nmove around the causeway (Neill et al. 1982). However,
the level of understanding of the functional relationship of Arctic fishes
to environnental factors is exceedingly low. A great deal nore than what
is presently known nust be |earned before one will be able to conclusively
relate environnental perturbations resulting from devel opnent activities

to inpacts on fish stocks
SUMVARY

Application of the Deriso (1980) nodel to the catch/effort data of
the Helmericks’ commercial fishery yielded a predicted sequence of CPUE
data which closely m mcked the historical record. The nodel estimates of
survival and lag tinme parameters appeared reasonable in l[ight of what is
known or hypot hesi zed about the biology of Arctic cisco, but the paraneter
associated with recruitnent showng a strong density-dependent stock-
recruitnment relationship appeared suspect due to its magnitude. A few
more years' data should enable an assessnment of the validity of this
paraneter estimte versus the alternative hypothesis that the observed
popul ation oscillations result from environnental effects.
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The conjecture that Arctic cisco im Al aska are representatives of a
Canadi an stock from the Mackenzie River is proposed and the evidence
supporting this concept was described. The principal argunment is the |ack
of evidence of any appreciable spawning of Arctic cisco in Al aska waters
despite considerable survey zffort which has been conducted to docunent
their spawning in this region. Further, the strategically |ocated and
timed commercial fishery does not take ripe or spawned-out fish, and there
has been a | ow relative abundance of spawning-age fish represented in the
catch. Finally, tagged fish approaching spawni ng size disappear after
about one year at |arge, whereas representatives of |east cisco (which
have been docunented to spawn in Al aska) have been taken in catches for up
to five years after tagging. Longshore currents which along the Al askan
coast are predonminantly fromeast to west were proposed as a transport
mechani sm accounting for the westward dispersal of small Arctic ciscointo
Al aska from western Canada

The observed decline in Arctic cisco popul ations which occurred in
Al aska during 1976-79 were part of an oscillatory cycle and the downward
trend was reversed in 1981 when CPUE | evel s approached the maxi num
observed for the 15-year period of record. The oscillations nay have been
due to either the popul ation dynamcs of Arctic cisco or to regional-Ileve
environmental effects. Although uncertain, neither the existing 3-kmlong
causeway which has been constructed near Prudhoe Bay, Al aska nor the |oca
fisheries appear to have contributed in a nmgjor way to the observed
oscillations in population |evels.
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